Skeletal metastases from hepatocellular carcinoma are highly destructive vascular lesions which severely reduce the quality of life. Pre-existing liver cirrhosis presents unique challenges during the surgical management of such lesions. We carried out a retrospective study of 42 patients who had been managed surgically for skeletal metastases from hepatocellular carcinoma affecting the appendicular skeleton between January 2000 and December 2006. There were 38 men and four women with a mean age of 60.2 years (46 to 77). Surgery for a pathological fracture was undertaken in 30 patients and because of a high risk of fracture in 12. An intralesional surgical margin was achieved in 36 and a wide margin in six. Factors influencing survival were determined by univariate and multivariate analyses.
Survival of patients with skeletal metastases from hepatocellular carcinoma after surgical management
Hepatocellular carcinoma is one of the most common cancers in Asia, 1 and its incidence is increasing in the United States. 2 It has a dismal prognosis. In the past, metastases from hepatocellular carcinoma have not attracted much interest because most are not symptomatic and patients are not expected to survive for long. 3, 4 However, skeletal metastases from hepatocarcinoma are so highly destructive that without appropriate management they severely affect the quality of life. 5 The incidence of skeletal metastases from hepatocellular carcinoma has been reported to range from 6% to 20%, 4, 6 and, recently, it has increased because of the greater survival rates achieved by improvement in diagnosis and treatment. 7 Although favourable results have been recorded with radiotherapy, 8, 9 surgical management is inevitable in the presence of a pathological fracture. However, the preexisting cirrhosis of the liver in most hepatocellular carcinomas presents unique challenges for the surgical management of metastases to bone.
There have been several favourable accounts of the surgical management of extrahepatic metastases in hepatocellular carcinoma, [10] [11] [12] indicating that an aggressive surgical approach in selected cases may improve survival. Katagiri et al 13 proposed a scoring system for patients with skeletal metastases in order to create a prognostic model. However, other factors, especially liver function, are also involved in addition to the oncological prognostic factors in hepatocellular carcinoma patients.
We have carried out a retrospective analysis to evaluate the overall survival rates and the factors affecting survival in patients with skeletal metastases from hepatocellular carcinoma which have been treated surgically.
Patients and Methods
We reviewed the data on 42 patients who had been managed surgically between January 2000 and December 2006 for skeletal metastases from hepatocellular carcinoma affecting the appendicular skeleton or pelvis. We obtained a list of patients from the orthopaedic surgical database at our institute and examined the radiological data and pathological and medical records, including the operation notes and laboratory results. We collected clinicopathological data including the clinical features, the aetiology of the hepatocellular carcinoma, the initial treatment, the status of the tumour in the liver at the time of surgery for skeletal metastases, vascular invasion of the portal or hepatic vein, the level of alphafetoprotein, the Child-Pugh classification, 14, 15 the presence of metastases to internal organs, the number and location of skeletal metastases, the presence of a pathological fracture, blood loss, the surgical margin, adjuvant radiotherapy, the recurrence of a bone lesion and the final status. The initial treatment had included transarterial chemoembolisation, liver resection, radiofrequency ablation, radiotherapy or conservative management. The status of primary lesions in the liver was based on dynamic CT. This was checked before surgery for skeletal metastases and graded using the T-stage system of the American Joint Committee on Cancer 16 (Table I ). The Child-Pugh classification has five clinical measures of liver disease. Each was awarded a score of from 1 to 3, where 3 indicated the most severe form of derangement (Table II) . All the patients were classified as Child-Pugh class A to C, and evaluated by medical hepatologists before surgery.
There were 38 men and four women with a mean age of 60.2 years (46 to 77). The mean duration of follow-up was 11 months (12 days to 48 months). Surgery was undertaken for a pathological fracture in 30 patients and because of a high risk of fracture in 12. The rating system of Mirels 17 was used to predict the risk of a pathological fracture. The mean Mirels score in the 12 patients was 10.8 (9 to 12). There were 15 metastases in the upper limb with 12 in the humerus and three in the clavicle, and 27 in the lower limb with 24 in the femur and three in the pelvis. We obtained plain radiographs in patients with bone pain, and if metastases were suspected bone scans were undertaken. A single bone metastasis was seen in 14 patients and multiple metastases in 28. There was only one case of a solitary bone metastasis without any other tumour in any part of the body, including the primary site.
In all cases the metastatic lesions were excised by curettage or wide resection followed by internal fixation by an intramedullary nail, a long plate, or a prosthesis. An intramedullary nail was usually used for a diaphyseal fracture, plate fixation for a fracture involving the metaphysis and arthroplasty with a prosthesis for a fracture involving the joint or the neck of the femur. Polymethylmethacrylate bone cement was used to fill defects. An intralesional surgical margin was obtained in 36 and a wide margin in six. The indications for wide resection included a single bone metastasis with a well-controlled hepatocellular carcinoma and no other internal metastases.
The functional evaluation of patients was performed using the classification system of the International Society of Limb Salvage. 18 This included the six parameters of pain, function, emotional acceptance, the use of walking aids, walking ability and gait; each was scored from 0 to 5, for a maximum score of 30. Data from the fracture and non-fracture groups were compared. Statistical analysis. The Kaplan-Meier method and the logrank test were used to calculate overall survival rates and differences in survival with respect to variables. Multivariate analysis was conducted using Cox's regression model to determine the most significant variables related to survival. In order to compare the functional data between the fracture and non-fracture groups, Student's unpaired t-test was used. All statistical analyses were performed using SPSS version 12.0 (SPSS Inc., Chicago, Illinois) with a p-value of ≤ 0.05 deemed to be significant. (Fig. 1) . The median survival time after operation was ten months (95% confidence interval (CI) 6.29 to 13.71). No patient lived for more than four years. We applied the Kaplan-Meier method and the log-rank test to each clinical variable to determine its impact on the survival rate. The anatomical location of the metastases, the number of skeletal lesions, the level of alphafetoprotein, the Child-Pugh grade and the surgical margin were found to be associated with survival (Table III) . Cox regression analysis identified the Child-Pugh grade and the number of skeletal lesions as independent prognostic factors (Table IV) .
Patients with Child-Pugh class-A disease were found to have a better prognosis than those with Child-Pugh class B or class C (Fig. 2) . The survival rates of class-A patients at one and three years after surgery were 59.1% and 27.8%, while that of class-B or class-C patients was 9.2% at one Kaplan-Meier overall survival curve for all patients. Kaplan-Meier overall survival curves based on the number of skeletal lesions.
year, with only one patient living for more than one year after surgery. In terms of the numbers of skeletal metastases, patients with a single bone lesion had better survival than those with multiple lesions (Fig. 3) . A subgroup with a single bone lesion and Child-Pugh class A had a much better survival rate of 100% and 69.7% at one and three years after surgery as compared with the overall survival (Fig. 4) . The margin of surgical resection did not have any impact on survival. Even although en bloc resection seemed to confer longer survival in those with a single bone lesion, it had no advantage over curettage when taking the Child-Pugh classification into consideration (Fig. 5) . Furthermore, the status of hepatocellular carcinoma and the presence of a pathological fracture were not found to be significantly associated with patient survival (p = 0.817 and p = 0.428 respectively). Post-operative mortality at 30 days. The 30-day post-operative mortality was 11.9% (5 of 42 patients, Table V) . Two patients with American Joint Committee on Cancer T4-stage disease died from hepatic rupture and two from bleeding from cerebral metastases. The mean survival time of the four patients with cerebral metastasis was 3.25 months. One of the three Child-Pugh class-C patients died from hepatic failure three weeks after surgery. Local recurrence. There were three local recurrences (7.1%), and all three patients had an intralesional resection of the metastasis (Table VI) . One had a local recurrence at nine months after operation despite adjuvant radiotherapy and died one month later. Another local recurrence was seen ten months after surgery. This patient had not had post-operative radiotherapy, and therefore radiotherapy with helical tomography was undertaken. He was alive when last seen 16 months later and was able to perform daily activities. Another patient who had not received postoperative radiotherapy had a re-operation for local recurrence 15 months after the initial surgery. An en bloc resection was carried out and he was alive 38 months after the initial surgery without further local recurrence. Functional score. Functional evaluation was undertaken in the 36 patients who survived for more than two months after surgery using the classification system of the International Society of Limb Salvage. 18 There were 24 patients in the fracture and 12 in the non-fracture group. The mean score was 23.4 (17 to 28) in the fracture group and 22.8 (16 to 27) in the non-fracture group (p = 0.50). Discussion Hepatocellular carcinoma has a dismal prognosis, because of its aggressiveness and its effect on liver function. Associated chronic liver disease indicates a poorer prognosis, increased peri-operative morbidity and mortality, and a higher recurrence rate of the tumour. Post-mortem studies of hepatocellular metastases have shown that they are most common in the thorax followed by the abdomen and bone. 3 A recent study by Fukutomi et al 7 showed that the incidence of skeletal metastases is rising because of the increased longevity due to advances in diagnosis and treatment. Skeletal metastases from hepatocellular carcinoma are highly destructive vascular lesions and severely affect the quality of life. 5 Radiotherapy may have a more important role in the treatment of symptomatic skeletal metastases from hepatocellular carcinoma than in those from other primary sites because of the presence of cirrhosis of the liver and the likelihood that narcotic drugs will precipitate hepatic coma. 9 Several reports have addressed the favourable effects of radiotherapy on skeletal metastases from hepatocellular carcinoma. Seong et al 8 noted that 73% and Kaizu et al 9 84% of their patients had relief from pain after radiotherapy. However, no preferred treatment for skeletal metastases has been established, 19, 20 and surgical management is inevitable in patients with a pathological fracture, paralysis by cord compression, or intractable pain.
Scoring systems have been introduced to assess the prognosis of patients with skeletal metastases. Tokuhashi et al 21 and Tomita et al 27 devised a system for spinal metastases from general cancers based on the findings of patients treated by surgery. Katagiri et al 13 described a system based on the primary tumour, visceral metastases, performance status, previous chemotherapy and multiple skeletal metastases. Lin et al 23 noted the prognosis after surgery for skeletal metastases from renal-cell carcinoma.
They found that local control and implant stability were important factors in patients with a likelihood of longterm survival. Studies have addressed survival in patients with bone metastasis from carcinoma of the lung, 24 prostate 25 and breast, 26 but the prognosis after skeletal metastases from hepatocellular carcinoma after surgery has not been recorded.
In our study, the Child-Pugh grade and the number of metastases were found to be independent prognostic factors for survival in patients with skeletal metastases from hepatocellular carcinoma after surgical management. The Child-Pugh scores are used to predict mortality during surgery. This system was originally designed to predict the prognosis of patients with portal hypertension during shunt placement. 14, 15 However, since then its usefulness has been recognised in predicting the peri-operative risks in many forms of extrahepatic and hepatic surgery. In relation to hepatocellular carcinoma, the Child-Pugh classification is one of the most important prognostic factors. Park et al 27 concluded that it is an independent prognostic factor in hepatocellular carcinoma in addition to the stage, the serum level of alpha-fetoprotein and portal-vein thrombosis.
Although there has been some debate over whether aggressive management of a solitary metastasis in various cancers confers gain in survival, 23, 28, 29 most authors have recognised that patients with a solitary bone metastasis have better survival than those with multiple metastases, regardless of the aggressiveness of treatment. 24, 30, 31 Therefore durable fixation and local control for the patient with a solitary bone lesion are needed to avoid complicating future management.
There was only one solitary skeletal metastasis, defined as a bone metastasis with no tumour in any other part of the body including the primary site or with a primary lesion of resectable status, in our study. Surgical resection for a lesion in the liver is indicated in a small proportion of patients to preserve reasonable liver function. However, even after surgical resection, the rate of recurrence is high in the remaining cirrhotic liver and a true solitary bone metastasis is rare. We refer to a single bone metastasis with a well-controlled liver status as a solitary bone metastasis. In patients with a single bone metastasis, wide resection showed no advantage in survival over curettage in our study. However, considering that the rate of survival of patients with Child-Pugh class-A disease and a single bone metastasis was about 70% at three years after operation and that all local recurrences followed curettage, wide resection appears to be preferable in patients with a single bone lesion.
Although the post-operative mortality at 30 days was 11.9%, only one patient died from deterioration in hepatic function related to the surgery, but four died from mass-related haemorrhage. Spontaneous rupture of hepatocellular carcinoma is sometimes encountered by clinicians and has a high rate of mortality [32] [33] [34] whether rupture occurs in the liver or in metastatic sites such as the brain. This high rate of mortality is due to the hypervascularity of hepatocellular carcinoma and the presence of a coagulopathy which might promote excessive bleeding. Liu et al 35 assessed the risk factors for spontaneous rupture in hepatocellular carcinoma and found that a large tumour, a high level of serum alpha-fetoprotein, a low level of haemoglobin, a poor clotting profile and more advanced disease to be significant. These increase the risk of death after surgery.
The aim of the management of patients with skeletal metastases is to improve their quality of life. Although surgery is indicated for a fracture, or if there is a risk of fracture, and for acute spinal paralysis, there are no standard guidelines for surgical management in other circumstances. In patients whose prognosis is poor, surgical intervention to relieve pain may not improve the overall quality of life and may lessen survival. Operation should be considered on an individual basis with a multidisciplinary approach after careful assessment.
The limitations of our study are its retrospective nature and the limited number of patients enrolled. The numbers were limited because most symptomatic skeletal metastases are managed non-operatively. The median survival time of patients with skeletal metastases from hepatocellular carcinoma after surgical management was ten months. No patient lived for more than four years although those with a single bone metastasis and ChildPugh class-A disease had a survival rate of 70% three years after surgery. Patients with risk factors for spontaneous rupture, with cerebral metastases or inadequate hepatic function have a poor post-operative prognosis and surgical aggressiveness to achieve local control and durable implantation should be considered carefully.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
